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Abstract: The problem of mixed convection stagnation-point flow of a viscous and incompressible 
fluid towards a stretching vertical sheet with prescribed surface heat flux is considered. The governing 
partial differential equations are first transformed into a system of ordinary differential equations, 
before being solved numerically by a tinitedifference scheme known as Keller-box method. The 
features of the flow and heat transfer characteristics for different values of the governing parameters 
are analyred and discussed. Both assisting and opposing flows are considered. The results indicate that 
dual solutions exist for the opposing flow, whereas for the assisting flow, the solution is unique. 
Key words: dual solutions, heat transfer, stagnation point, stretching sheet, snrface heat flux, 
fluid mechanics 
The flow in the confines of a stagnation point on a stretching sheet has attracted many investigations 
during the past several decades because of its wide applications in industrial and practical applications as 
mentioned in papers by Ishak et 02. (2006, 2007). Crane (1970) was the first who has studied the two- 
dimensional steady flow of an incompressible viscous fluid caused by a lmearly stretching plate. This problem 
has later been extensively studied in Newtonian and non-Newtonian fluids, steady and unsteady flows, 
hydrodynamic and hydromagnetic fluids and in many other situations. For example, Chiam (1995), Mahapatra 
and Gupta (2001) and Ishak er d (2008a) studied the stretching sheet in the presence of a magnetic field, 
considering some other physical features such as power-law velocity and buoyancy effect. The problems of 
heat transfer *om a stretching surface with uniform or variable heat flux have been studied by Elbashbeshy 
(1998), Liu (ZOOS), Dutta and Roy (1985) and Lin and Chen (1998). The problem of stagnation flow towards 
a heated vertical surface was studied by Ramachandran et ul. (1988), who cosidered both an arbitrary wall 
temperature and arbitrary surface heat flux variations. They found that a reversed flow developed in the 
buoyancy opposing flow region, and dual solutions are found to exist for a certain range of the buoyancy 
parameter. This problem was then extended by Ishak et ul. (2008b) by considering permeable flat plate, and 
reported the existence of dual solutions for both assisting and opposing flows. 
The aim of the present paper is to study the mixed convection stagnation-point flow towards a stretching 
vertical sheet with prescribed surface heat flux. The case of prescribed surface temperature was studied by 
Ishak et 01. (2007). To the best of our howledge, this problem has not been studied before. 
Problem Formulation: 
Consider a steady, two-dimensional flow of a viscous and incompressible fluid near the stagation-point 
on a vertical, continuously stretching sheet placed in the plane y = 0 of a Cartesian system of coordinates xy 
with the x-axis along the sheet, while the y-axis is measured normal to the surface of the sheet and is positive 
in the direction from the sheet to the fluid. It is assumed that the surface heat flux, the stretching velocity and 
the external velocity impinging the aetching sheet vary in a power-law with the distance fiom the stagnation- 
point, i.e. q,(x) = d, u,(x) = bx" and u. (x) = ex" , respectively, where u, b and c are constants and m and 
n are the exponents. Under these assumptions along with the Boussinesq and boundary-layer approximations, 
the equations which model the problem under consideration are 
Corresponding Author: An- Ish& School of Matbematical Sciences, Universiti Kebangsaan Malaysiq 43600 UKM 
Bangi, Selangor, Malaysia 




Am J Basic &Appl. Sci, 4(9/: 4453.4460, 2010 
9 
Fig. 4: Temperature profile q (h) for Pr=l, m l ,  ~1 and 1 = - 
a 
Fig. 6: Variation of the wall temperature q (0) with rZ for some values of m when Pr = 1 and ~ 1 . 5 .  
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Fig. 5: Variation of the skin friction coefficient f'(0) with d for some values of m when Pr = I and ~ 1 . 5 .  
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